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Abstract 
Food insecurity is an important thing that must be reviewed because it relates to the lives of many people. Food security is 
composed of subsystems, availability, distribution, and consumption so that if one of subsystem is not well functioning, there will 
be a problem of food insecurity. Remote sensing can help us to review food insecurity spatially through land critical levels, 
erosion potential level, and PUSO (crop failure) potential level. The erosion potential is influenced by rainfall and slope that can 
be obtained from interpolation of rainfall stations and the elevation points. Land critical level is influenced by the percentage of 
canopy cover, drainage, and soil solum thickness. While PUSO potential can be obtained from flood potential and rainfall 
intensity. With remote sensing, we can map the locations that were suffered from food insecurities. Thus, adequate distribution of 
food needs for the community can be done by the local government. Beside of the physical factors, for the distribution of food 
insecurity area is also influenced by the population income which locates  the insecure area in poverty line. in conclusion, this 
Food Insecurity Map is very helpful for  identifying the food needs of the local community. remote sensing data that used are 
Landsat 8 Imagery and Rapid-Eye Imagery in 2013 to produce  Food Insecurity Map in Klungkung, Bali. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
1.1. Background 
Food insecurity is an essential thing to be reviewed because it relates with many people’s lives. Basically, food 
insecurity is the final part of a sequence of events which occur due to the changes in the situation or circumstances. 
Food insecurity is a problem in life which relates to food security. Food security may occur if everyone continuously, 
both physically, socially, and economically has an access to adequate safe and nutrious food that can fulfill their  
needs, which means that they have choices of food for their active living, according to the World Food Summit. 
Food security consists of subsystems, availability, distribution, and consumption. If one of subsystem is not well 
functioning, there will be a problem of food insecurity. Moreover, food security is a measure of resilience against 
future disruptions or lack of essential food supplies due to various factors such as drought, disruption of shipping, 
fuel shortages, economic instability, war, and so on. Food security includes (i) the availability of food; (ii) the access 
to food; and (iii) the utilization of food. 
1. The availability of food accounts for the physical availability of food in the area, which can be obtained 
either from domestic production, import/trade and food aid. It is determined from various sources such as, 
domestic production, the influx of food through the market mechanism, food stock which is owned by 
merchant and the government, and also food aid from the government and food aid agency. The availability 
of food can be calculated on national level, province, and district or community level.  
2. The access to food is the ability of households to obtain enough food, either from its own production, 
purchase, barter, gifts, loans and food aid as well as a combination between the fifth. The availability of 
food in an area may suffice, but not all households may have adequate access to obtain both quantity and 
diversity of food through the mechanism described above. 
3. The utilization of food refers to the use of food by the households and also refers to the individual's ability 
to absorb nutrients and metabolism to convert the nutrients efficiently by the body. The utilization of food 
also includes storage, processing and preparation of food which also include water and fuel usage during 
the process of treatment and hygienic conditions, culture, or feeding habits-especially for individuals who 
require special types of food, distribution of food within the households according to the needs of each 
individual (growth, pregnancy, lactation, etc.), and the health status of each member in the household. 
Food insecurity refers to a condition that makes a society which is in the risk of food insecurity to become at the 
level of food insecurity. The level of vulnerability of individuals, households or community groups to the food 
insecurity is determined by the level of their exposure to the risk factors /shocks and their ability to cope with the 
change of situation.. 
Remote sensing can help to assess food insecurity through a spatially variable soil critical level, the rate of 
erosion, and the potential for PUSO (crop failure).  The rate of erosion is influenced by the rainfall intensity and 
slope steepness which are obtained from interpolation of rainfall stations and the elevation points. Soil critical level 
is influenced by the percentage of canopy area (land cover), drainage, and soil solum thickness. While the potential 
Puso is obtained from the flooding risk vulnerability and rainfall intensity. With remote sensing technology, the 
analyst will know the locations that are vulnerable for experiencing food insecurity, and it will help the local 
government to distribute the food needs for the community based on the analysis. Spatial modeling for food 
insecurity was usually performed using quantitative modeling methods of tiered-overlay where each parameter has a 
weight for  each factor. So that, the greater the value of the factor, the greater the influence to the result. Besides of 
physical parameter, the analyst also used the social and economic parameters, which are the society’s income 
information on the population in the study area that is vulnerable to the poverty line. So that the mapping of food 
insecurity is very helpful for managing equitable distribution of food to the local community needs.  The remote 
sensing data that were used in this study is Landsat 8 and Rapid – Eye taken in the year of 2013. 
The province of Bali is an international tourism destination which is known for its natural beauty. Klungkung is 
part of Bali Island. Klungkung has four sub-districts such as, Banjarankan, Klungkung, Dawan, and Nusa Penida. 
Klungkung is the smallest district in Bali with a third region of Klungkung (112.16 km²) located within the islands of 
Bali and two-thirds (202.84 km²) are islands such as Nusa Penida, Nusa Lembongan and Nusa Ceningan. This study 
of food insecurity was done in some areas of the district in Klungkung due to the physical condition of Klungkung 
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area that has a characteristic of undulating relief which is mainly dominated by mostly steep hills that are dry and 
barren and only a small part in this district is lowland.  The slope level in this area is above 40 % (steep) in the size 
of 16.47 km2 or 5.32 % of Klungkung. Moreover, the springs and rivers are only located in the land area of 
Klungkung which water flows throughout the year. Food insecurity in this district was assessed by the critical land, 
Puso, anomalies of rainfall intensity and vegetation density. In addition, information of critical land is affected by 
erosion hazard levels where the increasing steepness of slopes will have higher hazard rate of erosion. 
1.2. Problem of Analysis 
x What is the role of remote sensing and geographic information systems in mapping the food insecurity? 
x What is the most influential factor of food insecurity? 
x Where is the location of the distribution of food insecurity in some areas of Klungkung? 
1.3. Objectives of Analysis 
x Build a model of spatial of food security using remote sensing technology and geographic information systems. 
x Knowing the parameters used to obtain clarity of food insecurity. 
x Knowing the level of food insecurity in some areas of Klungkung. 
2. Methodology 
2.1. Data 
x Statistic data in “Klungkung dalam Angka” 
x Klungkung precipitation data in 2009 until 2013 
x Landsat 8 Imagery 
x Rapid-Eye Imagery 
x Indonesia Earth Surface (RBI) Map of Klungkung (Sheet 1707-344, 1707-622, 1707-621, and 1707-343) 
2.2. Instrument 
x GIS software (ArcGIS 10.1) 
x Image processing software (ENVI 4.5)  
2.3. Location 
Klungkung is the smallest regency among the other regency in Bali Province. This regency is located between 
115 ° 27 ' BT - 37 '' 8 ° 49 ' 00 ' LS. In the north side, Klungkung is bordered by Bangli Regency while in east side 
bordered by Karangasem Regency. In addition in the west side, this distric is bordered by Gianyar Regency and in 
south side bordered by Indian Ocean. Klungkung regency consists of 4 sub-districts, such as, Klungkung, 
Banjarangkan, Dawan, and Nusa Penida. However, Nusa Penida is not investigated in this research. 
2.4. Method 
This spatial modelling of Food Vulnerability consist of 5 steps, those are described in the following passage: 
 
x Data collecting 
This step is the first step that was done in this research. The data that  were collected in this step were as follow:  
RBI map (sheet1707-344, 1707-622, 1707-621, and 1707-343), Landsat 8 Imagery, Rapid-Eye Imagery, rainfall 
data from rain gauge, and statistical data of “Klungkung dalam Angka” (Klungkung in numbers). RBI map is used to 
get slope information in area study by 3D Analyst processing. Data of contour and river in RBI map produced 
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Digital Elevation Model (DEM) so slope data can be generated from this DEM. The slope then classified by using 
this following classification, i.e.: 
 
Table 1. Classification of slope 
Class Slope (%) Score 
Flat  < 8 5 
Slope slightly 8 – 15 4 
Rather Steep 16 – 25 3 
Steep 26 – 40 2 
Very Steep > 40 1 
 
Rapid-Eye Imagery was used to get the percentage of vegetation cover. This information was identified by its 
color. If the color of the vegetation is darker than the others, it means that vegetation is thicker compared the 
vegetation with lighter tone. Then, the thickness of vegetation was classified based on: 
Table 2. Classification of vegetation cover 
Class Percentage of vegetation cover Score 
Very Good (very thick) > 80 5 
Good (thick) 61 – 80 4 
Average 41 - 60 3 
Bad (thin) 21 – 40 2 
Very Bad (very thin) < 20 1 
 
Landsat 8 Imagery is used to identify the landform in study area. Landform can be inferred from the relief, 
current pattern, top pattern, drainage, shape of valley, and soil thickness. Landform and slope will be overlaid to 
produce the terrain unit. Later on, the data of rain station was used to make isohyet by interpolating the rain station 
data. Thus, precipitation per year and also CHR (the average of precipitation in 5 years) were known from isohyet. 
CHP is ratio of precipitation average and the average of precipitation in 5 years that was calculated by using the 
following formula: 
CHP = CHR / Precipitation per Year (1) 
Meanwhile precipitation Anomaly (ACH) is calculated by using formula: 
ACH = [(CHP / CHR) * 100] (2)  
ACH then will be classified by using:  
Table 3. Classification of precipitation anomaly (ACH) 
% ACH Score 
<1 1 
1-10 2 
10-20 3 
20-30 4 
30-50 5 
>50 6 
 
Statistical data Klungkung was used to know the amount of agriculture production in Klungkung. This  statistical 
data then was compared with the result of food vulnerability, and then analyzed. 
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x Erosion danger level modelling 
This modelling is produced by using USLE method. The formula in USLE method is: 
A= R x K x Ls x C x P  (3) 
While A is as erosion score, R is as erosivity index, K is as erodibility index, Ls is as index of length and 
declivity of slope, C and P are as plant management index.  
Erodibility index (R) can be calculated by using formula: 
R = 10,08 + 4,15p  (4) 
Which p is as average of precipitation per month. 
Meanwhile erodibility is determined by this table: 
Table 4. Classification of soil characteristics 
Class of soil thickness Soil characteristics Score 
Very deep 
(>120 cm) Greyish  brown aluvial  5 
Deep 
(90-120 cm) 
Brown latosol, reddish brown latosol, complex reddish brown latosol, and 
litosol 4 
Average 
(60-90 cm) 
Kambisol, litosol, and renzin, brown mediteran, reddish brown mediteran, 
association of dark grey grumosol and reddish brown mediteran, comlex litosol 
and renzina 
3 
Thin 
(30-60 cm) 
Dark grey grumosol, dark grey andosol, association of yellowish brown 
andosol and brown regosol, yellowish brown andosol, brown andosol and 
litosol complex, litosol and dark grey grumosol complex 
2 
Very thin 
(<30 cm) 
Yellowish brown regosol and grey grumosol complex, grey regosol, greyish 
brown regosol, association of litosol and reddish brown mediteran, litosol, 
association of litosol and brown mediteran, brown regosol and kambisol 
complex  
1 
Source: SSOP and Demo DAS Solo 
 
Index of length and declivity of slope (Ls) is determined by using: 
Table 5. Factor value for class of slope 
Class of slope (%) Factor value (LS) 
0 – 8 0,4 
8 – 15 1,4 
15 – 30 3,1 
30 – 45 6,8 
>45 >9,5 
Source: Department of Forestry, 1998 
 
After erosivity, erodibility, and length and declivity of slope index are determined, then erosion danger lever is 
classified based on: 
Table 6. Classification of erosion 
Soil thickness 
(cm) 
Erosion class 
I II III IV V 
Erosion (ton/ha/year) 
<15 15-60 60-180 180-480 >480 
Thick 
(>90 cm) 
Sr 
0 
R 
I 
S 
II 
B 
III 
SB 
IV 
Average (60-90 cm) R I 
S 
II 
B 
III 
SB 
IV 
SB 
IV 
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Thin 
(30-60 cm) 
S 
Ii 
B 
III 
SB 
IV 
SB 
IV 
SB 
IV 
Very thin 
(<30 cm) 
B 
Iii 
SB 
IV 
SB 
IV 
SB 
IV 
SB 
IV 
 
Erosion danger level is classified into 4 class, i.e.: very heavy (IV) that scored 1, heavy (III) that scored 2, 
average (III) that scored 3, light (I) that scored 4, and very light (0) that scored 5. 
 
x Land degradation modelling 
This modelling is produced from erosion dangerous level, vegetation cover, and slope. Those parameters are 
calculated by using weighted step qualitative, so each parameter has its own weight. Erosion dangerous level 
parameter’s weight is 35, vegetation cover parameter’s weight is 45, and slope parameter’s weight is 20. Then, the 
result will be classified: 
Table 7. Classification of Land Degradation 
Total score Explanation 
115 – 200 Very critic 
201 – 275 Critic 
276 – 350 Average 
351 – 425 Critic potentialy 
426 - 500 Not critic 
 
Then, make classification of degradation land lavel based on its percentage of scope. The classification will be: 
Table 8. Factor value for land degradation 
Percentage of degradation land scope Score 
<1 1 
1 – 5 2 
5 – 10 3 
10 – 20 4 
20 – 30 5 
>30 6 
x Harvest failure (Puso) modelling 
This modelling was made by using 3 parameters, i.e.: terrain unit, flood risk, and vegetation cover. Then, it will 
be classified based on its scope. The classification is as follows: 
Table 9. Factor value for harverst failure scope 
Percentage of harverst failure scope Score 
<1 1 
1 – 3 2 
3 – 5 3 
5 – 10 4 
10 – 15 5 
>15 6 
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x Food vulnerability modelling 
This modelling is the final modelling that produce by using vegetation cover parameter, precipitation anomaly 
parameter, land degradation parameter, and harvest failure parameter. Those parameters have their own weight that 
calculated from: 
Vegetation Cover Factor (V) = 0,007A2 – 1,7109A + 101,53  
  (5) 
Precipitation Anomaly Factor (ACH) = -0,0078B2 – 2,0304B – 11,424 
 (6) 
Land Degradation Factor (LD) = -0,0242C2 + 3,5117C – 1,4752 
 (7) 
Harvest Failure Factor (HF) = -0,0472D2 + 4,7183D – 6,080  
    (8) 
While A is as vegetation cover score, B is as precipitation anomaly score, C is as land degradation score, D is as 
harvest failure score. Then, food endurance level will be calculated by using formula: 
Y = (0,1255*V) + (0,1671*ACH) + (0,2808*LD) + (0,4273*HF)  (9) 
And will classified by using:  
Table 10. Classification of food vulnerability 
Y Explanation 
<17 Very resistance of food 
18 – 34 Resistence of food 
35 – 51 Resistance enough of food 
52 – 68 Rather insecure of food 
69 – 85 Insecure of food 
>85 Very insecure of food 
3. Results and Discussions 
Klungkung is one of regency in Bali Province that has complex relief. Those relief are flat until steep slightly on 
the south, and there is also hill and mountain on the north. So, there are three landform origins, i.e. marine, fluvial, 
and volcanicwhere the different landform will have different slope too. While, Klungkung is dominated by volcanic  
landform, thus it is dominated by steep slope too. 
Table 11. Classification of slope in degree  
No. Slope (degree / °) Explanation 
1 0 – 2 Flat 
2 2 – 15 Flat slightly 
3 15 – 40 Steep slightly 
4 > 40 Steep 
Source: "Klungkung dalam Angka" 2012 
 
Klungkung on the west and east side is volcanic fan, but Klungkung on the south side is sandbank. Fluvial and 
marine landform origin have flat area, so they are at risk of more flooding, the flood will cause soil has too much 
water and bad drainage. 
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Fig. 1.  Research flows 
 
Table 12. Klungkung’s precipitation  
No. Month 2008 2009 2010 
1 January 257,50 526,83 249,33 
2 February 261,50 430,67 108,33 
3 March 201,17 121,50 49,50 
4 April 95,00 147,17 139,33 
5 May 181,00 210,00 121,00 
6 June 12,00 25,00 205,83 
7 July 22,83 77,00 195,33 
8 August 14,33 6,83 266,83 
9 September 43,67 91,17 293,17 
10 October 184,50 64,92 227,17 
11 November 250,17 30,83 1233,00 
12 December 199,50 116,17 359,17 
Total 1723,17 1654,08 2348,00 
Source: "Klungkung dalam Angka" 2009-2011 
 
Food vulnerability was  determined by land degradation, precipitation anomaly, vegetation cover, and harvest 
failure risk. Precipitation anomaly reflects the abnormal rainfall in the area. This abnormal fainfall can influence 
harvest result because every plant has each standard of water amount to grow. If rainfall intensity is too high, so the 
plant growth will be disturbed or may be died. That rainfall anomaly also can caused harvest failure (PUSO). If 
precipitation anomaly is bigger, the prospect of harvest failure will be bigger too. Based on the data of precipitation 
anomaly,  it was known that Dawan Subdistric has the biggest precipitation anomaly amount. 
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Fig. 2.  Map of food vulnerability in klungkung 
 
Vegetation cover can influence the food vulnerability too because the appearance of vegetation cover means that 
the soil can be planted. Vegetation also decrease flood risk because vegetation absorb water to perform the 
photosyntesis. Furthermore, vegetation cover also decreases the erosion danger level. Erosion danger level is 
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influenced by erosivity, erodibility, length and slope index, plant management, and soil conservation. Erosivity 
indicates the power of rainfall intensity that can cause soil to erosion. Bigger rainfall intensity will cause bigger 
erosion. Soil erodibility is the sensitivity of a particular type of soil to erosionwhere it is influenced by soil 
characteristics, soil thickness, and vegetation cover. 
Land degradation indicates that the soil is too bad to be planted. Land degradation can be caused by erosion and 
vegetation cover. Degradaded land is determined if there is no vegetation cover or only sparse vegetation covers. 
Based on the Map of Degradation Land in Klungkung, it was identified that there is no degradation land in high 
level. This case can be happened because Klungkung is dominated by volcanic area that has fertile land. The soil 
that near from sea is not fertile but  this is not considered as a degradation land because it has thick soil solum that 
was transported by the river from the mountain on the north side. 
Based on The Map of Food Vulnerability in some parts of Klungkung, it was determined that there is no food 
vulnerability area in Klungkung. This was happened due to no degradation land in Klungkung even though it is 
dominated by high level of erosion which can cause failure in harvest.  Furthermore, Klungkung also has a solution 
to solve the problem in steep slope. The steep slope that can cause erosion was modified by using ‘terracering’. This 
terracering can decrease the erosion and made  theland is able to be planted. Moreover, Klungkung has a low 
rainfall intensity so the precipitation anomaly will also low. 
Based on statistica; data on “Klunkung dalam Angka”, it was identified that Klungkung has a good farming 
production. The Klungkung’s products are cassava, sweet potato, seaweed, paddy, coffee, and coconut. 
4. Conclusion 
x Food vulnerability can be modelled by using GIS and remote sensing is which used as an input to food 
vulnerability parameter detection. 
x There is no high risk of food insecurity area in Klungkung. 
x Klungkung is dominated by area of degraded land, but there is no food vulnerability area in Klungkung because 
every parameter that caused food vulnerablity has low weight. 
x Food vulnerability is influenced by precipitation anomaly, vegetation cover, degradation land, and harvest failure 
risk. 
5. Suggestion 
This research still has a weakness in the methodology. This research still needs a field work for accuracy  
assessment to validate data  validate parameter used in terrain unit. So, for the next research about food vulnerability 
in Klungkung, field work is necessary to be performed. 
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